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SNY DER, E. W., D. E. SHEARER, R. E. DUSTMAN AND E. C. BECK. Visual evoked response and behavioral correlates 
of plasma methadone concentrations in cats. PHARMAC. BIOCHEM. BEHAV. 7(2) 135 138, 1977. Twelve cats were 
implanted with cortical and depth electrodes. After they recovered from the operation, visual evoked responses (VERs) 
were recorded at 20 min following saline and methadone (0.5, 1,2,  3, 4 mg/kg) administered IP in a semi-random order to 
each cat. Four other cats were similarly drugged and plasma was obtained for radioimmunoassay of methadone content. At 
the three lowest dose levels behavioral excitation and salivation were evident in some cats, while their VER configuration 
remained essentially unaltered and plasma methadone was barely measurable. Following the 3 and 4 mg/kg doses plasma 
methadone concentration increased dramatically, behavioral excitation and salivation were evident in most cats and VERs 
were reliably altered. The VER alterations, consisting of amplitude attenuation and a decrease in some latencies, were 
restricted to secondary VER components occurring between 50 and 100 msec despite the animals' extreme behavioral 
excitation. These results suggest that the reticular formation is not a principal site of the drug's effect. 
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CATS and  some o t h e r  m a m m a l s ,  e.g., ce r ta in  ungula tes  
such as horses  and  goats,  r e s pond  to m o d e r a t e  doses of  
mos t  opio ids  w i t h  behaviora l  e x c i t a t i o n  ra the r  than  the 
sedative effects  general ly  observed  in m a n  and o t h e r  
m a m m a l s  [ 1 5 ] .  The  EEG corre la tes  of  this  fel ine man ia  
have been  careful ly  s tud ied  as have the e lec t rophys io log ica l  
cor re la tes  of na rco t ic  analgesia in general  ( for  review, see 
[ 5 , 1 1 ] ) .  However ,  despi te  the  p roven  ut i l i ty  of soma to -  
sensory,  aud i to ry  and  visual evoked  responses  (VERs)  in 
drug research (e.g., [6,  8, 21] ) appa ren t ly  only  one  a t t e m p t  
has been  made  to s tudy  the  op io id -man ic  cat using these 
t echn iques .  Sini ts in [22]  r epo r t ed  t ha t  h igh  doses of  
m o r p h i n e  e n h a n c e d  m o s t  c o m p o n e n t s  of  aud i to ry  and  
visual evoked  responses  ( V E R s )  in cats,  while somes the t i c  
evoked  responses  were r educed  regardless of  dose. The  
a u t h o r  a t t r i b u t e d  these ef fec ts  to  selective changes  in 
cor t ical  and  tha lamic  exc i tab i l i ty .  U n f o r t u n a t e l y  this  s t udy  
only  c o m p a r e d  low ( 1 - 3  mg/kg)  and  high ( 5 - 1 0  mg/kg)  
doses of  m o r p h i n e  in cats  i m m ob i l i z ed  wi th  succinyl-  
chol ine .  Data  were p r e sen t ed  for  only  10 evoked  responses  
r ecorded  f rom a single cat  p r io r  to  and  at an i n d e t e r m i n a t e  
t ime  fo l lowing in jec t ion ,  and  n o  behaviora l  data  were given. 

In h u m a n s  [9] a p reanes the t i c  dose (0.13 mg/kg)  of  
m o r p h i n e  was f o u n d  to have no  sys temat ic  e f fec t  on the  

VER,  while a more  recent  paper  [14]  descr ibed a t ime- 
d e p e n d e n t ,  b iphasic  ef fec t  of  1-~-acetylmethadol  wi th  init ial  
e n h a n c e m e n t  of secondary  VER c o m p o n e n t s  fo l lowed by 
suppress ion  in rabbi ts .  A l t h o u g h  no  cons i s t en t  in terspecies  
p a t t e r n  emerges  f rom these s tudies  it has  been  h y p o t h e s i z e d  
[5] tha t  p r imary  c o m p o n e n t s  of  the  evoked  response  are 
qui te  res i s tan t  to opioids  while secondary  c o m p o n e n t s  may  
be e i the r  depressed or e n h a n c e d .  We have,  however ,  
observed a subs tan t ia l  a l t e ra t ion  of all VER c o m p o n e n t s  in 
behaviora l ly  depressed m o n k e y s  i n tox i ca t ed  by h e i g h t e n e d  
p l a s m a - m e t h a d o n e  c o n c e n t r a t i o n s  [ 2 3 ] .  Therefore ,  we have 
e x p a n d e d  our  inves t iga t ion  in an a t t e m p t  to de t e rmine  the 
effects  of  a wide range of doses in a species (cats)  whose 
behaviora l  response  to opioids  is qui te  unl ike tha t  of  
p r ima tes  [21.  

METHOD 

Animals 

Seven male and  five female cats were used in the  evoked 
response  s tudy.  F o u r  add i t iona l  cats,  two  of  each sex, were 
used to assess m e t h a d o n e  p lasma levels. All animals  were 
t rac tab le  and  in good hea l th .  Body weights  ranged f rom 3 
to 5 kg; ages ranged f rom 2 to 4 years.  

1 Supported by the Medical Research Service of the Veterans Administration, Project No. 0864-05,  and by the U.S. Public Health Service 
Research Grant DA-00388 from the National Institute of Mental Health. The authors wish to thank Mr. Paul Sine and the employees of the 
Animal Research Facility, with special acknowledgement to Colonel Underwood for his expert assistance in the handling of the experimental 
animals. 
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Surgical Procedures 

Cats, anes the t i zed  w i t h  p e n t o b a r b i t a l  sod ium (30  mg /kg  
IP), were s te reo tax ica l ly  i m p l a n t e d  wi th  cor t ica l  and 
subcor t ica l  e lec t rodes  u n d e r  sterile cond i t ions .  Cort ical  
e lec t rodes ,  cons is t ing  of stainless steel screws, were 
t h r eaded  t h r o u g h  the  ca lvar ium to make  c o n t a c t  wi th  
2 m m  2 of dura  overlying pos te r io r  margina l  and  pos te r io r  
suprasylv ian  gyri. Subcor t ica l  e lec t rodes  were inse r ted  in to  
m i d b r a i n  re t icular ,  tha lamic  and  l imbic  regions.  Only  V E R s  
recorded  f rom pos t e r io r  margina l  gyrus  will be r epor t ed .  All 
e lec t rodes ,  inc lud ing  the  f ron ta l  sinus reference ,  were 
c o n n e c t e d  to a min ia tu re  a m p h e n o l  plug a t t a ched  to the 
skull wi th  screws and  den ta l  acrylic. The animals  were 
al lowed two  weeks to recover  f rom surgery pr io r  to  
recording.  All e x p e r i m e n t s  involved waking  an imals  wi th  
mydr ia t i c  pupils  (1% Mydriacyl) .  

Apparatus 

All e x p e r i m e n t s  were c o n d u c t e d  in a s em i da r kened  and  
electr ical ly shie lded record ing  room.  A Grass mode l  PS22 
p h o t o s t i m u l a t o r  was used to p resen t  10 usec l ight  pulses 
in to  a ref lec t ing h e m i c y l i n d e r  which  was 100 cm dis tant .  
The i l l umina t ion  of  the ref lec t ing surface was 20 lux as 
measu red  f rom the  pos i t i on  of the cat ' s  eyes. The  hemi -  
cy l inder  was p laced in f ron t  of a h a m m o c k  in which  the  
animals  were held  u n d e r  l ight  res t ra in t .  Background  whi te  
noise at 70 db  wi th  re ference  to 0 .0002  ubars  was fed in to  
the record ing  room to mask  e x t r a n e o u s  sounds .  EEG was 
ampli f ied by a Grass Model  78B E E G / p o l y g r a p h  (band-  
width ,  0.3 Hz- -300  Hz; t ime cons t an t ,  0.25 sec) and re- 
co rded  on  magne t ic  tape.  The s to red  EEG was digi t ized at  a 
rate of  500/see  by an AF01 B analog-digital  conve r t e r  
in te r faced  to a DEC PDP 9 c o m p u t e r  which  s u m m e d  and  
averaged evoked responses.  The evoked  responses  were 
t raced on graph pape r  by a C o m p l o t  D P - 1  digital p lo t t e r .  

Procedure 

Fol lowing  pos tope ra t ive  recovery  each cat  was habi-  
tua ted  to the  res t ra in ing  h a m m o c k  and several basel ine 
recordings  were made.  M e t h a d o n e  HCL (0.5,  1, 2, 3 and  4 
mg/kg)  and  a saline con t ro l  were in jec ted  i n t r ape r i t onea l ly  
in equal  vo lumes  accord ing  to an ind iv idua l ized  semi- 
r a n d o m i z e d  schedule  wi th  a m i n i m u m  of 7 days b e t w e e n  
t r ea tmen t s .  Since we e x p e c t e d  4 mg /kg  to be le thal  to  some 
cats  [2] this  dose was admin i s t e r ed  last. Pr ior  to  record ing  
sessions each cat  was h a b i t u a t e d  to the  record ing  room for 
15 rain and  then  in jec ted  wi th  drug or saline. At  f i f teen  min  
pos t in j ec t ion  the  cat  was res t ra ined  and  five rain la ter  EEG 
recording  began.  Pilot  s tudies  had  s h o w n  tha t  the peak  
behaviora l  e f fec t  occur red  20 rain pos t in jec t ion .  Single 
pho t ic  pulses were p re sen ted  at 2 - 3  sec intervals  dur ing  
periods of a r t i fac t  free EEG.  Record ing  sessions lasted 
a p p r o x i m a t e l y  ten rain. All cats,  well adap t ed  to res t ra in t ,  
r ema ined  passive t h r o u g h o u t  record ing  despi te  the i r  
obvious  behaviora l  exc i t a t ion  u p o n  release f rom the  
h a m m o c k .  In no  case was record ing  p ro longed  because  of  
undue  muscle  ar t i fact .  Evoked  response  to 75 flashes were 
averaged for  each visual evoked response  (VER) .  Drug 
admin i s t r a t i on  p rocedures  were repl ica ted  for  four  un-  
i m p l a n t e d  cats  and,  at 20 rain pas t  in jec t ion ,  b lood  was 
ex t r ac t ed  for  r a d i o i m m u n o a s s a y  of  m e t h a d o n e  c o n t e n t .  
The e x t r a c t i o n  and assay p rocedure s  have been  descr ibed 
e lsewhere  [ 2 3 ] .  

The  behaviora l  changes  which  fol lowed m e t h a d o n e  
t r e a t m e n t  are s u m m a r i z e d  in Table 1. Sal ivat ion and  loss of  
r ight ing reflex were obv ious  and  easily scored.  Rear  leg 
paralysis  was r eco rded  wheneve r  an an imal  moved  by  
dragging its sp layed  h ind  legs [ 2 ] .  Exc i t a t i on  was recorded  
when  a cat  was observed pacing back  and  fo r th ,  r unn ing  in 
circles or vigorously  a t t e m p t i n g  to escape.  Two behaviors ,  
sal ivat ion and  exc i t a t ion  were scaled f rom zero  to three 
depend ing  u p o n  severity.  O the r  behaviors  were merely  
n o t e d  for  the i r  presence  or absence.  

Statistical Analysis 

VERs  p l o t t e d  for  all cond i t i ons  typical ly  inc luded  three  
posit ive and three  negative c o m p o n e n t s  as dep ic ted  in 
Fig. 1. The la tency  to the peak of each c o m p o n e n t  and 
peak- to-peak  ampl i tudes  were c o m p a r e d  across seven t rea t -  
m e n t s  (predrug,  saline and  five doses of m e t h a d o n e ) b y  
single f ac to r  analysis  of  variance.  Signif icant  individual  
sources  of var ia t ion  were d e t e r m i n e d  with the  use of  
Duncan ' s  Mult iple  Range Test  [ 10] .  

RESULTS 

Figure 1 i l lus t ra tes  the typical  ca t  VER and the 
c o m p o n e n t s  w h i c h  were s ignif icant ly  a l te red  by 
m e t h a d o n e .  Analyses  of  var iance ind ica ted  tha t  ne i t he r  
la tencies  no r  ampl i t udes  of the  early VER c o m p o n e n t s  (P1 
and N1) changed  s ignif icant ly  as the dose of  m e t h a d o n e  
was increased.  However ,  the  amp l i t ude  of  P 2 - N 2  showed  a 
s ignif icant  r educ t i on  wi th  increasing dose [ F ( 6 , 6 6 ) =  6.96,  
p < 0 . 0 0 1 ] .  A m p l i t u d e  at  the h ighes t  dose was s ignif icant ly  
lower  than  t ha t  at the  nex t  h ighes t  dose as d e t e r m i n e d  by 
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FIG. 1. Mean amplitude and latencies (-~ SEM) of those VER 
components modified by increasing doses of methadone. Insert 
depicts typical VER of the cat. Predrug (P) and saline (S) values are 

indicated to the left. 
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TABLE 1 

NUMBER OF ANIMALS EVIDENCING VARIOUS BEHAVIORAL CHANGES AT EACH DOSE OF 
METHADONE 

Loss of Rear Leg 
Excitation Salivation Righting Reflex Paralysis Death 

Saline 0 0 0 0 0 

0.5 1 1 0 0 0 

1.0 2 3 0 0 0 

2.0 8 10 0 0 0 

3.0 16 14 0 0 0 

4.0 16 16 5 8 2 
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Data from implanted and nonimplanted animals are included. 
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FIG. 2. Plasma methadone concentration (ng/ml) in each of four 
cats at 20 rain past IP injection. Mean values were, in order of 
increasing dose, 10.2, 12.0, 28.5, 89.8, 171.5 ng/ml. Zero values 
indicate no detectable methadone in plasma; all cats received every 

dose. 

the  D u n c a n  Mult iple  Range Test  ( p < 0 . 0 1 ) .  The N 2 - P 3  
c o m p o n e n t  also showed  s ignif icant  [ F ( 6 , 6 6 )  = 3.51, p < 0 . 0 1  ] 
r e d u c t i o n  in ampl i tude .  However ,  amp l i t udes  at  the  two 
h ighes t  doses while di f fer ing s ignif icant ly  ( p < 0 . 0 1 )  f rom 
values at the  low doses, were n o t  s ignif icant ly  d i f fe ren t  
f rom one a n o t h e r  as d e t e r m i n e d  by a pos te r io r i  exam- 
ina t ion .  The amp l i t ude  of  P 3 - N 3  was no t  rel iably al tered.  

Latenc ies  of  the  th ree  earl iest  c o m p o n e n t s  (P1, N I ,  P2)  
r e m a i n e d  r e m a r k a b l y  s table  across doses. N2 showed  a l ight  
bu t  nons ign i f i can t  decrease wi th  increas ing dose while the  
l a tency  of  P3 decreased  s igni f icant ly  wi th  increasing dose 
[ F ( 6 , 6 6 ) = 3 . 1 0 ,  p < 0 . 0 1 ] .  Again the two h ighes t  doses 
were respons ib le  for  the  s ignif icant  (p< 0.01 ) drug effect .  

In shor t ,  the  amp l i t ude  of the  P 2 - N 2 ,  a negative wave 
peak ing  at  a b o u t  50 msec,  was the  m o s t  sensi t ive to  the 
drug 's  e f fec t  while the l a tency  of  the  succeeding  posi t ive  
wave (P3),  decreased s igni f icant ly  at  the  two  h ighes t  doses. 
These V E R  changes  c o r r e s p o n d e d  to dose re la ted  increases 
in the  p lasma m e t h a d o n e  c o n c e n t r a t i o n  as dep ic ted  in 
Fig. 2. While there  was cons iderab le  i n t e r sub jec t  var iabi l i ty ,  
m e a n  p lasma c o n c e n t r a t i o n s  increased sys temat ica l ly  at  the  
two h ighes t  doses. 

The behaviora l  e f fec ts  of  m e t h a d o n e  are s u m m a r i z e d  in 
Table  1. As is appa ren t ,  the  n u m b e r  of  an imals  ev idencing  
behaviora l  changes  var ied  di rect ly  wi th  the  dose. In 
add i t ion ,  the  severi ty  of e x c i t a t i o n  and  sal ivat ion increased 
dramat ica l ly .  Thus,  cor re la t ions  b e t w e e n  V E R pa rame te r s  
(Fig. 1) and  these behaviors  were in all cases s ignif icant  and  
negative (Table  2). No cor re la t ions  were ca lcu la ted  for  the  
r emain ing  behaviors  since they  were only scored  for  the i r  

T A B L E  2 

CORRELATIONS BETWEEN BEHAVIORAL MEASURES AND VER 
ACROSS DOSES OF METHADONE 

P2-N2 N2-P3 P3 

Excitation - ,93,  p<0.01 - .96,  p<0.01 .81, p<0.05 

Salivation - .88,  p<0.01 - .95,  p<0.01 - .86,  p<0.05 

Mean amplitudes (P2-N2) and latency (P3) of VER were corre- 
lated with those behavioral measures which were scored. Other 
measures were only noted for their presence or absence. DF for 
each cell is 5. 

presence  or absence.  In mos t  cases the animals  were 
behaviora l ly  no rma l  at four  to  five h r  past  in jec t ion .  
However ,  those  animals  ev idencing  e x t r e m e  exc i t a t i on  and 
profuse  sal ivation at  the h ighes t  doses showed  c o n t i n u i n g  
effects  for  10 to 12 hr  fo l lowing in ject ion.  

DISCUSSION 

The results  of this s tudy  d e m o n s t r a t e  t ha t  doses of 
m e t h a d o n e  which ef fec t  obvious  behaviora l  changes  in cats 
p roduce  changes  in selected VER c o m p o n e n t s .  The be- 
havioral  ef fects  were in many  ways similar  to those  
observed previously  in one cat  [ 2 ] .  However ,  while these 
au thors  r epo r t ed  e x t r e m e  behaviora l  exc i t a t i on  to 3 mg/kg  
IP, they did no t  m e n t i o n  sal ivat ion which  occur red  in mos t  
of  our  cats  at  the  two h ighes t  doses (Table  1). In add i t ion  
these au tho r s  r epo r t ed  tha t  the animal  was "ob l iv ious  to 
ex te rna l  s t imu l i "  [ 2 ] .  In general ,  ou r  drugged cats re- 
sponded  to s t imu la t ion  with increased exc i t a t ion  and 
vigorous  a t t e m p t s  to escape. 

The behaviora l  and V E R  a l te ra t ions  we observed were 
subs tan t ia l  only  at  doses of  3 and  4 mg/kg  which  p r o d u c e d  
mean  plasma c o n c e n t r a t i o n s  of 90 and 172 ng/ml ,  re- 
spect ively (Fig. 2). In m o n k e y s  [23]  comparab le  b lood  
levels (~>130ng /ml )  were occasional ly  le thal  and con-  
sistent]y p r o d u c e d  gross behaviora l  and e lec t rophys io logica l  
depression,  re f lec ted  by a t t e n u a t i o n  of all VER com- 
ponen t s ,  early and late. Thus  it would  appear  tha t  the  
species-specif ici ty of  the  behaviora l  response  to m e t h a d o n e  
can be e x t e n d e d  to the d rug- induced  a l t e ra t ion  of  the  VER.  

It has long been  general ly accep ted  tha t  the p r imary  
c o m p o n e n t s  of the VER reflect  act ivi ty  of  the  classical 
ascending  p a t h w a y s  t h r o u g h  specific tha lamic  nuclei  to 
cor tex .  ( F o r  review of  the neurogenes is  or unde r ly ing  
n e u r o a n a t o m y  of  the  c o m p o n e n t s  of the  VER (see [ 1, 19, 
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21] ). The initial surface positive c o m p o n e n t  (P 1), occurr ing 
at about  18 msec in our  cats, apparent ly  represents  
act ivat ion of  cortical  e lements  while the subsequen t  
negative c o m p o n e n t  is t hough t  to represent  an t id romic  
conduc t ion  along apical dendr i tes  [3, 4, 7] .  The secondary  
c o m p o n e n t s ,  arriving af ter  5 0 m s e c  (Fig. 1), are now 
believed to be inf luenced by unspecif ic  ret icular  and 
tha lamocor t ica l  pa thways ,  a l though the course of  these 
pa thways  is still a ma t t e r  of debate  [ 1, 13, 25, 26] .  Based 
upon  this d i f ferent ia t ion  of the c o m p o n e n t s  of  the evoked 
response,  various drugs have been descr ibed and classified in 
te rms of  their  probable  site of act ion.  In general,  am- 
pl i tudes  of all secondary  evoked response c o m p o n e n t s  are 
decreased or disappear  while latencies are increased by 
surgical anes thet ic  doses of barbi tura tes  and inhalat ional  
anesthet ics  [6 ,8 ] .  A n u m b e r  of  CNS st imulants ,  including 
amphe t amine ,  have been shown to p roduce  a decrease in 
bo th  ampl i tudes  [12] and latencies  [20] of pr imary and 
secondary  c o m p o n e n t s  of the VER.  The direct  act ion of 
these agents on the midbrain  ret icular  fo rma t ion  has been 
repeatedly  d e m o n s t r a t e d  (for  review see [20] ). 

In short ,  the res t r ic ted changes in the V E R s  of  
me thadone -man ic  cats are not  comparable  to  changes 
generally observed with those drugs which are p re sumed  to 
involve the mesencephal ic  reticular fo rma t ion  as their  
pr imary site of  act ion.  

In some ways the effects  of  m e t h a d o n e  in cats are 
cons is tent  wi th  the hypo thes i s  that  opioids inhibit  the 
release of  acetytchol ine  (ACH) from fibres originating in 
subcort ical  s t ructures  [17] and activating chol inocept ive  
neurones  located  in deep layers of cor tex (see [18] for  
references) .  The fact  that  cortical appl icat ion of  an anti- 
cholinergic drug (a t ropine)  reliably affects  only secondary  
( > 5 0  msec) c o m p o n e n t s  of  the evoked response in cats 
[24] co mb i n ed  with the evidence that  appl icat ion of 
morph ine  to one hemisphere  depresses the release of  ACH 
bilaterally [ 1 6 ] ,  suggests that  opioid sensitive, subcort ical  
neurones  e f fec t  the secondary  c o m p o n e n t s  (e.g., > 50 msec) 
of the evoked response.  However ,  we did no t  observe any 
significant me t h ad o n e - i n d u ced  al terat ion of  the late neg- 
ative wave ( P 3 - N 3 )  such as that  observed in our monkeys .  
In shor t ,  m e t h a d o n e  appears to have a res t r ic ted act ion in 
the visual sys tem of the hype rexc i t ed  cat. 

In summary ,  the results of the s tudy suggest that  
m e t h a d o n e  in the cat does no t  mimic the ef fec ts  o f  those 
drugs, s t imula tory  or depressant ,  which are thought  to 
affect  primarily the midbrain  reticular fo rmat ion .  There 
mus t  be several levels of act ion of b o t h  m e t h a d o n e  and its 
metabol i tes .  This he te rogene i ty  of  sites and mechanisms  
probably  changes with the time course of  acute and chronic  
effects ,  the route  of  adminis t ra t ion  and assuredly with the 
species involved. 
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